Energy harvesting and information transferring simultaneously by radio frequency (RF) is considered as the novel solution for green-energy wireless communications. From that point of view, the system performance (SP) analysis of multisource power splitting (PS) energy harvesting (EH) relaying network (RN) over block Rayleigh-fading channels is presented and investigated. We investigate the system in both delay-tolerant transmission (DTT), and delay-limited transmission (DLT) modes and devices work in the half-duplex (HD) system. In this model system, the closed-form (CF) expressions for the outage probability (OP), system throughput (ST) in DLT mode and for ergodic capacity (EC) for DTT mode are analyzed and derived, respectively. Furthermore, CF expression for the symbol errors ratio (SER) is demonstrated. Then, the optimal PS factor is investigated. Finally, a Monte Carlo simulation is used for validating the analytical expressions concerning with all system parameters (SP).
Introduction
Conventionally, wireless devices are powered by batteries, which have a limited operational lifetime, and have to be replaced or recharged periodically to maintain the network connectivity. In practice, this could be costly, inconvenient, and even infeasible. To overcome the above limitation, there have been several research ideas on microwave-enabled wireless energy transfer (WET), where energy is continuously and stably supplied over the air. More advancing, the WET technologies to power the devices efficiently open up the potential to build a fully wireless powered communication network (WPCN), in which wireless devices communicate using only the power harvested by means of WET [1] [2] [3] . In a wireless network, the source (S) and destination (D) may not communicate with each other directly because the distance between S and D is more significant in comparison with their transmission range. Then, the intermediate relay (R) node is necessary for this communication purpose, which can reduce the shadowing, fading, and path loss in communication network [1] [2] [3] [4] .
(1) We present and investigate SP analysis of multisource PS EH relaying network in the HD mode over block Rayleigh-fading channel in both DLT and DTT modes. ( 2) The CF expressions of the OP for DLT mode and EC for DTT mode are proposed, analyzed and derived. (3) The CF for SER for DLT mode is analyzed and derived. (4) The influence of all primary system parameters on OP, EC, and SER is investigated and discussed. The rest of this manuscript is as follows: Firstly, we present the proposed system model in Section 2; Section 3 investigates the system performance of the system model; Numerical results and some discussion are drawn in Section 4. Some conclusions of this manuscript are proposed in Section 5.
System Model
In this section, an EH relaying network with multisource (S), destination (D) and one relay (R) as shown in Figure 1 . The model system works along the principles of analog coding network [29] [30] [31] . In Figure 1 , S, R and D have only one antenna and operate in HD mode. The channel gains between S n and R and between R and D are denoted a h SnD and h RD , which are Rayleigh fading channels. In this model, we consider that the S n and D direct link is fragile, and they can communicate with each other via the R helping relay. Moreover, R has only the energy enough for its purpose, so R needs to harvest the energy from S before forwarding the information messages to D. Commonly, we assume that S and D, as well as R, know the channel gains. The EH and IT processes for the model system is illustrated in Figure 2 . In this protocol, each transmission block time T divides of two time slots. In the first-half time slot T/2, R harvests energy ρPSn and receives information (1 − ρ)P sn from S n . The remaining half-time slot T/2 are used for IT process from R to D after R amplifies the signal that it received [29, 30] .
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Suppose that source Sn is chosen to perform the EH and IT processes to R. In the first stage, R receive the signal as
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Suppose that source S n is chosen to perform the EH and IT processes to R. In the first stage, R receive the signal as
where h S n R is S n to R channel gain, and n ∈ (1, 2, . . . , K).
Here, x S n is the transmitted signal at S, n r is the additive white Gaussian noise (AWGN) with variance N 0 and 0 < ρ < 1 is PS ratio at R. Here E |x S n | 2 = P S n , E{•} is expectation operator, and P S n is average transmit power at S n .
The harvested power at R is obtained as
where 0 < η ≤ 1 is energy conversion efficiency of EH at R.
The received signal at D is formulated as the below equation
where h RD is R to D channel gain, n D is AWGN with variance N 0 , and E |x r | 2 = P r . 
Delay-Limited Transmission (DLT) Mode
In the AF protocol, the signal transmitted by R is an amplified version of y r [21] 
where β is the amplifying factor at R.
From (1), (3) and (4), D receives signal in the second time slot can be calculated as
The overall signal to noise ratio (SNR) from S to D can be formulated by the following
By doing some algebra and using the fact that N 0 << P r , (6) can be reformulated as
Combine with (2), we have:
Here, we denote that ψ = P S n /N 0 .
Remark 1.
The best source S n * would be selected to maximize the received SNR at D to optimize the transmission performance, then we have n
In this analysis, the optimal source selection protocol in which the best selection source is selected as follows
In [32] , the cumulative distribution function (CDF) of ω 1 is given by the following
where λ 1 is the mean of random variable (RV) ω 1 , and
Then, the corresponding probability density function (PDF) can be obtained by the below equation
Proposition 1. The outage probability (OP) of the model system can be calculated by
where γ th = 2 2R − 1 is a threshold, and R is source rate of the proposed system model. Equation (13) can be computed as the following
By changing variable t = (1 − ρ)ψω 1 − γ th into Equation (15), it can be rewritten as the following
Applying the table of integral eq (3.324,1) in [33] , Equation (16) can be reformulated as
where K v (•) is the modified Bessel function of the second kind and v th order.
Proposition 2.
The throughput of system model can be formulated as
Delay-Tolerant Transmission (DTT) Mode
Using the received SNR at D, SNR AF in (8), C is given by the following
Proposition 3. The ergodic capacity (EC) at the destination node is formulated like Equation (25) in [31] by the following In (20), we denote
We can observe that the involving integral in (18) is complicated to be solved in CF. However, by changing the variable of the integration in (16) as γ = tan θ, Equation (20) can be rewritten as the below equation
Furthermore, we can apply an efficient NP-point Gauss-Chebychev quadrature (GCQ) formula as in [34] to numerically derive as
where we denote that x v = tan 
Symbol Error Ratio (SER) Analysis
For obtaining novel SER expression at D, the OP in [35] can be considered as the first stage, and the equation for SER can formulate as below
where Q(t) = As a result, the SER expression is given in (25) directly regarding OP at S by using integration, as follows
Substituting (21) into (25) and replace γ = x, we obtain the following expression
where we denote that
Applying eq (3.361,2) in [33] , and
Applying eq (6.614,5) in [33] , J 2 can be reformulated as
Finally, SER can be rewritten as the below equation
Optimal Power Splitting Factor
In this paper, the optimal PS factor can be formulated by solving the equation
Here, we apply an iterative algorithm to solve this problem numerically. In particular, the Golden section search algorithm, which has been used in many global optimization problems in communications (for example, in [36] ), is chosen for this work. For a detailed algorithm as well as its related theory, please refer to [37] .
Numerical Results and Discussion
For validation, the correctness of the derived SP expressions, as well as investigation of the effect of all primary parameters on the SP, a set of Monte Carlo simulations are conducted and presented in this section [29] [30] [31] [32] . All main simulation parameters are listed in Table 1 . 
Delay-Limited Transmission (DLT) Analysis
We first show the OP and ST of the DTT mode versus the PS factor ρ with R = 0.5 bps, η = 0.8, P s /N 0 = 10 dB and K = 1, 3, 5 ( Figures 3 and 4) . As can be seen from Figures 3 and 4 , the theoretical curves match to the simulated ones. Figure 3 shows that the OP firstly decreases when ρ increases from 0 to 0.6 and then has a massive increase with ρ from 0.6 to 1. In a contraction, the ST has a remarkable increase in the first interval ρ from 0 to 0.6 and then decreases after optimal value ρ. It can be formulated that less available power for EH in the interval of ρ smaller than the optimal ρ leads to less transmission power from the relay node and smaller values of throughput are observed at the destination node and larger outage probability. On another way, the wasted power on EH in EH and less power is left for the source to relay information transmission leads to poor signal strength at the relay node, larger outage and lesser throughput at the destination node.
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/N0 = 10 dB and R = 0.5, 1, 1.5. In these figures, the OP decreases and the ST increases while η varies from 0 to 1. The results show that the case with R = 0.5 is the best case in comparison with the other cases in both outage probability and system throughput. Furthermore, all the analytical results are validated by the Monte Carlo simulation. It can be observed that the more efficacy of EH at the relay node, the higher ST and smaller OT of the proposed system. 
Delay-Tolerant Transmission (DTT) Analysis
In Figure 9 , the EC of the proposed system for DTT mode has a considerable increase with Ps/N0 varies from 0 to 20 dB. Moreover, Figures 10 and 11 present the comparison of the system throughput between both DLT and DTT modes on the connection with K and ρ. The similarity with the above case, we set the main parameters as η = 0.8, R = 0.5 bps K = 2 and ρ = 0.2, 0.5, 0.7. It is clearly shown that the system throughput for DTT mode is better than for DLT mode when K varies from 0 to 10 and ρ from 0 to 1, respectively. The results indicate that all the simulation and analytical values are agreed well with each other. Finally, Figures 12 and 13 show SER versus K and Ps/N0, respectively. Then Figure 14 proposes the optimal power splitting factor versus Ps/N0. In these Figs, 
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Conclusions
In this paper, the SP analysis of multisource PS EH relaying network in the HD mode over a block Rayleigh-fading channel in both DLT and DTT modes is proposed and investigated. In the analysis process, we analyze and derive the CF expressions of the OP and ST in DLT mode and a CF expression for EC for DTT mode, respectively. Furthermore, we can obtain the CF for SER for DLT mode. After that, the optimal PS factor is investigated and derived in detail. Finally, the Monte Carlo simulation is used for validating the analytical analysis in connection with all system parameters.
The results show that the analytical and simulation results agree well with each other in connection with all system parameters. This solution can be considered as a novel recommendation for WPCN. 
